Introduction
The three major countries of East Asia, Japan, China, and South Korea, have each concluded a free trade agreement (FTA) with the Association of South East Asian Nations (ASEAN), but none of the FTAs between these countries has been ratified (Kanamori, 2010) . In the trilateral summit held in May 2010, the Japan Business Federation (Nippon Keidanren) requested the political leaders of the three nations to begin Japan-China-Korea FTA negotiations (Japan Business Federation, 2010) .
This study aims to examine the potential impact caused by the Japan-China-Korea FTA using the GTAP model and the OECD Nitrogen Balance Database. Several studies have been conducted to evaluate the impact of FTAs among Japan, China and Korea, including the trilateral joint research carried out to assess this issue (DRC et al., 2007) . Yamamoto et al. (2009) measured the possible economic and environmental impact under a Japan-Korea FTA. However, few previous studies have focused on the potential impact on agriculture resulting from Japan-China-Korea FTAs.
Methods
In this study, we used methods similar to those of Rae and Strutt (2005, 2007) , Yamamoto et al. (2009 ), Sawauchi (2009 ) and Tsuge et al. (2011 . The potential impact of nitrogen pollution from agriculture resulting from agricultural trade liberalization under the Japan-China-Korea FTA was estimated using the GTAP model (Hertel, 1997) and the OECD Nitrogen Balance Database (OECD, 2001) .
Our results under the Japan-China-Korea FTA are compared with those under the Japan-Korea FTA 1) .
GTAP model analysis
The GTAP model is a computable general equilibrium (CGE) model for trade analysis developed by the Global Trade Analysis Project. The latest GTAP database is Version 7, and its reference year corresponds to the global economy in 2004. However, since the latest available OECD nitrogen balance data is the year 1997, we use the GTAP database Version 5.4 from 1997. In this study, the scenario assumes the complete removal of all import tariffs between Japan, Korea and China.
Nitrogen balance analysis
Due to the limitations of data availability, we use nitrogen surplus as an indicator of environmental load focusing on the balance of nutrients in agricultural production. As shown in Fig. 1 , nitrogen surplus is the difference between the total quantity of nitrogen inputs entering the soil and the quantity of nitrogen outputs leaving the soil annually (OECD, 2001) . (2007), but we calculated fertilizer input, nitrogen fixation by leguminous crops, and uptake by forage production using different methods 2) .
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Results
GTAP results
As shown in Table 1 , the real GDP in Japan, Korea and China would increase by 0.01%, 0.46% and 0.08%, respectively. Total farm outputs in Japan would decrease by 4.26%, whereas total farm outputs in Korea and China would increase by 1.99% and 2.61%, respectively. These results suggest that under full trade liberalization, Japan is likely to experience a loss in total farm outputs. The results also suggest that the impact of full trade liberalization is more notable at the total farm output level than at the real GDP level in all three countries. higher than in rice output (4.56%). In China, the increased rate of rice output (6.48%) is higher than in milk output (1.70%) and cattle and sheep output (3.91%).
In a comparison between the Japan-Korea-China FTA and the Japan-Korea FTA (see Tables 1 and 2) , the changes in real GDP in Japan would be extremely small in both cases. In contrast, a decreased level of total farm output in Japan under the Japan-China-Korea FTA would be much greater than under the Japan-Korea FTA because the Japan-China-Korea FTA might lead to a great decrease in Japan's cereal production, especially rice. This arises mainly due to the large increase in output from the livestock sector in Korea.
Nitrogen balance results
The total nitrogen balance of Japan and Korea would increase by 2.4% from the initial level of nitrogen surplus.
Our results show a decreased level of nitrogen outputs (2.7%) and an increased level of nitrogen inputs (0.2%). Other nitrogen inputs (VI) 179.6 ( 0.2) 40.4 (1.1) 220.0 (0.1) 2) Fertilizer means inorganic fertilizer; livestock manure means net livestock manure; other nitrogen inputs include biological nitrogen fixation, atmospheric deposition, and seeds and planting materials.
Total Inputs
3) We recalculated the potential impact caused by the Japan-Korea FTA analyzed in Yamamoto et al. (2009) .
As noted above, the increased input from livestock manure in Korea is the main reasons for the anticipated increase in the total nitrogen balance in Japan and Korea.
Our results suggest that the Japan-China-Korea FTA would likely lead to an overall increase in the total nitrogen surplus for Japan and Korea 3) . The same is true of the total nitrogen balance for Japan and Korea under the Japan-Korea FTA (see Table 3 ).
Conclusion
This study aimed to examine the potential impact caused by the Japan-China-Korea FTA using the GTAP model and the OECD Nitrogen Balance Database.
The GTAP results show that total farm outputs would increase in Korea and China but decrease in Japan. Most farm sectoral outputs would decline in Japan, while farm outputs from the Korean livestock sector and the Chinese cereal crop sector would significantly increase.
The nitrogen balance results show that the Japan-China-Korea FTA is likely to lead to an overall increase in the total nitrogen surplus for Japan and Korea.
Furthermore, these results also suggest that such an FTA would increase the potential nitrogen pollution from agriculture in Japan and Korea. 3) Note that it was impossible to conduct the same nitrogen balance analysis in China because China's data is not available in the OECD Nitrogen Balance Database. However, the growth in China's total farm output under the Japan-China-Korea FTA might lead to an increase in nitrogen pollution.
